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(57)Abstract: 

PROBLEM TO BE SOLVED: To lessen the light 
loss and to attain long-term stability of the case 
optical fibers and the optical waveguide cores of an 
optical waveguide substrate are optically and 
mechanically connected. 

SOLUTION: The aligning parts 1 constitute a 
V-groove member provided with V-shaped grooves 
3 for positioning the optical fibers 5 to be optically 
coupled to the optical waveguides. The parts 
consist of the parts molded by transferring the 
V-shaped grooves formed in metal molds, the 
optical fibers 5 adhered and fixed to the 
transferred V-shaped grooves 3 and a plate 
member 4 adhered and fixed thereon and have a 
projecting surface 1 5 for connection to the optical 
waveguide substrate. The parts consist of a transparent thermosetting or thermoplastic 
resin. 
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[Claim(s)] 

[Claim l] What was fabricated by imprinting the slot of the shape of V character which is V slot material which 
prepared the slot of the shape of V character for deciding the location of the optical fiber which should be optically 
combined with optical waveguide, and which consists of transparent thermosetting or thermoplastic plastics, and was 
prepared in metal mold, The optical fiber ahgnment components characterized by having ******** for connecting 
with the optical waveguide substrate which consists of the optical fiber pasted up and fixed to the slot of the shape of 
V imprinted character, and the transparent plate-Uke part material which carried out adhesion immobilization on it, 
and has said optical waveguide [claim 2] They are the optical fiber ahgnment components [claim 3] of an account to 
claim 1 characterized by consisting of the transparent plastics thermosetting or thermoplastic in which said V slot 
material contains siUca powder as a bulking agent. The optical fiber ahgnment component according to claim 1 
characterized by consisting of thermosetting or thermoplastic the transparent plastics or the quartz glass with which 
said plate-Like part material contains silica powder as a bulking agent [claim 4] The optical fiber ahgnment 
component according to claim 1 characterized by considering as integral construction when said V slot material and 
said plate-hke part material are fixed with adhesives before the process which fixes an optical fiber to the slot of the 
shape of said V character [claim 5] The optical fiber ahgnment component according to claim 1 characterized by 
making said plate-hke part material and said V slot material into integral construction by fabricating thermosetting 
or thermoplastic plastics where said plate-hke part material is fixed in said metal mold [claim 6] The optical fiber 
alignment component according to claim 1 with which said ******** is characterized by 5 degrees or 15 degrees 
inchning to a right-angled direction at the optical axis of an optical fiber [claim 7] The optical fiber ahgnment 
component according to claim 1 characterized by aligning two or more optical fibers with high precision by laying an 
optical fiber in the slot of the shape of said V character, applying adhesives, pasting up, pressurizing firom the upper 
part of the optical fiber using said plate-hke part material further, irradiating ultraviolet rays and hardening them 
[claim 8] The optical fiber ahgnment component according to claim 1 characterized by aligning two or more optical 
fibers with high precision by applying and inserting adhesives in the slot of the shape of V character of the optical 
fiber ahgnment components which made integral construction said V slot material and said plate like part material 
at the tip of said optical fiber, irradiating ultraviolet rays and hardening them [claim 9] Connection structure of said 
optical fiber characterized by connecting the optical fiber and the optical waveguide core of an optical waveguide 
substrate which ahgned with the optical fiber ahgnment components of a pubhcation in any 1 term of claim 1 thru/or 
claim 8 by pasting up said ******** mutually with adhesives, and said optical waveguide [claim 10] Connection 
structure of said optical fiber according to claim 9 characterized by the ultraviolet-rays hardening resin which pastes 
up said ******** mutually being optically transparent, and the value of the refi-active index being in agreement in the 
value of each refi-active index of the core of said optical fiber, and said optical waveguide core, and **10% of error 
range, and said optical waveguide [claim ll] Connection structure of said optical fiber according to claim 9 
characterized by the difference of the coefficient of thermal expansion of said V slot material and the coefficient of 
thermal expansion of said optical waveguide substrate being less than [ 1.4xl0-5/degree C ], and said optical 
waveguide 
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[Detailed Description of the Invention] 
[QOOl] 

[The field of the technique in which invention belongs] This invention relates to connection structure with the optical 
fiber aUgnment components for connecting an optical fiber and optical waveguide to low loss and stability, and an 
optical waveguide substrate. 
[0002] 

[Description of the Prior Art] When connecting two or more optical fibers with optical waveguide conventionally, the 
terminal section of an optical fiber connects a multi-core optical fiber with the optical waveguide of an optical 
waveguide substrate collectively by the slot (JP,6-51155,A) of the shape of V character of optical fiber aUgnment 
components, after aligning in a predetermined pitch. The V character- like slot is formed by the grinding of silicon or 
quartz material. As an approach of pasting up optical fiber alignment components and an optical waveguide 
substrate, although the approach of hardening by applying ultraviolet curing mold resin and irradiating ultraviolet 
rays is used, about adhesion of the location which ultraviolet rays do not reach, hardening with heating etc. is 
common. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in processing of the slot of the shape of V character by the 
grinding of said conventional method, there is a problem that processing is difficult and cost becomes high. Moreover, 
since grinding blades are also technically worn out, the configuration of the slot of the shape of V character which 
carried out grinding, the depth, etc. change with time, and there is a problem that the positioning accuracy of an 
optical fiber deteriorates. Although hardening with heating etc. is common to adhesion by the adhesives in the 
location which ultraviolet rays do not reach, time amount is taken in this case and there is a problem that connection 
loss arises, by the minute location gap with an optical fiber in the meantime and optical waveguide. 
[0004] The optical fiber alignment components which formed pore with transparent plastics as an attempt which 
solves such a problem are proposed (WO 94/23321). However, with the optical fiber alignment components of the mold 
which has this pore, since the configuration is complicated, the flow of the resin at the time of plastic molding 
becomes complicated, and shaping precision cannot be made high with the ununiformity of the heat shrink at the 
time of cooUng firom molding temperature to ordinary temperature. It follows, and distortion remains, deformation 
produces after shaping over the long period of time in duration of service, and it becomes the cause of optical loss. 
[0005] 

[Means for Solving the Problem] This invention fabricates the metal mold which has the slot of the shape of V 
detailed character for the slot of the shape of V character of V slot material for deciding the location of an optical fiber 
by the approach of imprinting to plastics. As compared with the approach of fabricating said pore type of optical fiber 
alignment components by this shaping approach, a configuration is simple, the slot of the shape of V detailed 
character is essentially formed in a monotonous firont face, and since a heat shrink is also comparatively uniform and 
there is also httle residual distortion, V slot material with a high shaping precision can be obtained. Therefore, while 
becoming possible to position an optical fiber with high precision, to arrange an optical axis with each optical 
waveguide core correctly, and to connect optically and mechanically, since there is httle residual distortion, 
subsequent deformation can be lessened, and optical loss by it can also be made small. 

[0006] Furthermore, by constituting V slot material fabricated to the above-mentioned high degree of accuracy fi'om 
transparent plastic material While making small optical loss which pastes up for a short time firmly as can reach, 
and produces ultraviolet rays by the minute location gap at the time of the time of connection etc. aU over the 
adhesives layer applied to each ******** of optical fiber aUgnment components and an optical waveguide substrate as 
much as possible The location gap based on the differential thermal expansion in subsequent duration of service is 
controlled, and optical loss is made small. 

[0007] As transparent plastic material, the particle of the silica of a vitreous state is mixed in an epoxy resin 80% or 
more, and, specifically, a refractive index and coefficient of thermal expansion use the thing near a quartz. It enables 
it to paste up firmly the adhesives which secured ultraviolet rays transparency and were appHed to each ******** by 
this by ultraviolet rays for a short time. Moreover, about the optical loss based on the location gap with the optical 
waveguide substrate produced by the big thermal expansion of plastics, by mixing the particle of the silica of a 
vitreous state, a differential thermal expansion is made small and solved. 
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[0008] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained to a detail, referring to an 
accompanying drawing. In addition, in explanation of a drawing, the same sign is given to the same element, and the 
overlapping explanation is omitted, 

[0009] The 1st example is explained. Drawing 1 shows the configuration of the optical fiber ahgnment components 
concerning this invention. Drawing 2 is drawing showing the metal mold for the plastics for forming V slot material 
among the optical fiber alignment components shown in drawing 1 . Drawing 3 shows the metal mold for fabricating 
the thing of one apparatus with which V slot material and plate'Uke part material were united by fixing plate-like 
part material in metal mold beforehand among the optical fiber ahgnment components shown in drawing 1 . Drawing 
4 is the connection structure of the optical fiber ahgnment components and optical waveguide substrate which are 
shown in drawing 1 . 

[OOlO] The configuration of the optical fiber alignment components of this invention is explained based on drawing 1 . 
2 is V slot material and has the slot 3 of the shape of V character for aligning the optical fiber which should be 
connected with optical waveguide at predetermined spacing. 5 is the optical fiber which should be connected with 
optical waveguide, and since it pastes up and fixes to V slot material, it has removed covering of a point. 4 is plate-Uke 
part material which has the fiinction of the lid for protecting mechanically after that while laying the optical fiber 5 
which applied adhesives in the slot 3 of the shape of V character of V slot material and pressurizing and carrying out 
adhesion immobilization fi-om it. 1 shows the optical fiber alignment components of assembly ****** combining V slot 
material 2, an optical fiber 5, and the plate-Uke part material 4, and has ******** 15 for pasting [ an optical 
waveguide substrate and ] up, fixing and connecting. 

[0011] In order that V slot material 1 may make a coefficient of thermal expansion mostly in agreement with it of the 
sihcon of an optical waveguide substrate for the purpose of controUing the optical loss by thermal expansion and 
contraction. To epoxy resin 17.5 volume % of 34.4x10-6, coefficient of hnear expansion mixes vitrified silica powder 
82.5 volume [ which is about 2.4x10 to 6/degree C ] %, and the coeflBcient of linear expansion which is thermosetting 
resin uses the plastic molding compound which adjusted coefficient of linear expansion to about 8x10 to 6-/degree C. 
in this case, the epoxy resin of the pure refi^active index 1.460 which does not contain the additive of a coloring agent 
and others after washing the vitrified sUica powder of a refi-active index 1.4584 enough, carrying out a vacuum drying 
and eUminating an impurity, humidity, etc, completely, in order not to reduce the transparency after shaping of V slot 
material by mixing of air bubbles etc. - the above - it mixes enough with a mixing ratio and considers as the 
transparent plastic molding compound of the average refi-active index 1.4587. 

[0012] In addition, although what mixed vitrified silica powder in the epoxy resin was used for the plastic molding 
compound used for this example, it cannot be restricted to this and transparent thermoplastics, such as polyester and 
a polycarbonate, can also be used for it. 

[0013] Shaping of V slot material 1 is performed by carrying out fabrication using the metal mold shown in drawing 2 . 
First, after sticking the upper metal mold 7 and the Shimokane mold 6 which has the V character-hke slot 11 and 
heating to molding temperature, the thermosetting resin containing said siHca powder which carried out remaining 
heat is poured in by the predetermined pressure fi*om the resin injected hole 10. Metal mold 6 and 7 is disassembled 
after radiationnal cooUng, and V slot material 2 is taken out. By this approach, since the slot 11 of the shape of V 
highly precise character of metal mold 6 can be imprinted with resin shaping, it is stabihzed, highly precise V slot 
material can be manufactured, and highly precise ahgnment of an optical fiber is attained. 
[0014] What was created by carrying out grinding of the quartz glass is used for the plate-Uke part material 4. 
[0015] The assembly of the optical fiber alignment components 1 is assembled by laying the optical fiber 5 which 
applied ultraviolet curing mold adhesives at a tip, pasting the slot 3 of the shape of said V character of V slot material 
2, using said plate*Uke part material 4 further, and pressurizing and fixing from the upper part of the optical fiber. 
Moreover, since the plate-like part material 4 transparent in this example made fi-om a quartz was used, ultraviolet 
rays are irradiated from the upper part of this plate-like part material 4, and adhesion of the optical fiber 5 to the V 
character- like slot 3 can also be completed in a short time. 

[0016] What carried out the laminating of the optical waveguide 22 which consists of about 200-micrometer quartz 
layer containing the optical waveguide core 20 on a siUcon substrate 21, and the back up plate 23 which consists of 
transparent quartz glass on it is used for the optical waveguide substrate 100 which should be connected with the 
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optical fiber alignment components 1 so that it may be shown in a part of drawing 4 . 

[Q017] Since the whole is transparent, the exposure of the optical fiber alignment components 1 of this example is 
attained by ultraviolet rays 25 in the whole surface of the ultraviolet-rays hardening resin layer 24 of each ******** 
so that connection structure with the optical waveguide substrate 100 shown in drawing 4 may show. Therefore, the 
optical fiber alignment components 1 and the optical waveguide substrate 100 can be firmly pasted up by ultraviolet 
rays in a short time. 

[0018] As the optical fiber 5 of the optical fiber aUgnment components 1, and the optical waveguide core 20 of the 
optical waveguide substrate 100, mechanical and optical coupUng lb ******** 15 of the optical fiber alignment 
components 1, and ******** 26 of an optical waveguide substrate Ultraviolet rays hardening resin 25 is optically 
transparent, and the value of the refiractive index uses the thing of the almost same refiractive index 1.460 as the 
refiractive index 1.4662 of the core of an optical fiber 5, and the refi:active index 1.4584 of the optical waveguide core 
20. It positioned so that the amount of transmitted lights might become max, and ultraviolet rays were irradiated for 
about 10 minutes, and adhesion immobilization was carried out. In this case, in order to avoid optical loss, as for the 
refiractive index of ultraviolet-rays hardening resin 24, it is desirable that it is in agreement with each refi:active 
index of the core of an optical fiber 5 and the optical waveguide core 20 within **10%. 

[0019] When the effect of the temperature about connection with the optical fiber alignment components 1 and the 
optical waveguide substrate 100 by this example was investigated, optical loss by the difference in thermal expansion 
was able to be made very low with 0.2dB or less to the temperature change of the range of -40-+80 degrees C. Having 
made small the coefficient of thermal expansion of said V slot material just like [ of an optical waveguide substrate ] 
the coefficient of thermal expansion and some differential thermal expansion are because the effect was controlled by 
firm adhesion, 

[0020] Although what consists of quartz glass as plate-like part material 4 was used in this example, it is not 
restricted to this and may be made firom the transparent resin which mixed the vitrified siHca used for shaping of said 
V slot material. 

[0021] In addition, in case V slot material 2 is fabricated, as shown in drawing 3 , where the plate-like part material 4 
is beforehand put in in metal mold, the member with which V slot material 2 and the plate-like part material 4 were 
united can also be used by carrying out fabrication. In this case, as shown in drawing 3 , the plate-Hke part material 4 
is inserted in the cavity 8 of the Shimokane mold 6. the metal mold 12 for forming a V character-like groove in the 
predetermined location of a moreover is laid, and the member with which V slot material 2 and the plate-like part 
material 4 were united is fabricated by the metal mold for forming the exterior of V slot material attached in the 
lower part of these and the upper metal mold 7 which is not illustrated. However, the quality of the material of the 
plate-Hke part material 4 put in in metal mold needs to be quite higher than the softening temperature of the 
raw-material resin used for &brication. It is in the condition which applied ultraviolet-rays hardening resin to the 
part which exfoliated covering at the tip of an optical fiber 5, and the assembly of the optical fiber alignment 
components 1 in this case is inserted in the member of above-mentioned one apparatus, it irradiates ultraviolet rays 
fi-om the upper part of the plate-like part material 4, and is performed by carrying out adhesion immobihzation. 
[0022] It may insert the plate-like part material 4 beforehand into metal mold, and may make it one, and although 
fabrication of the member with which above-mentioned V slot material 2 and the above-mentioned plate-like part 
material 4 were united was carried out, what pasted up with adhesives and manufactured others and V slot material 
2 and the plate-Uke part material 4 is sufficient as it. 

[0023] in addition " although ******** 15 of the optical fiber aUgnment components 1 used by this example used the 
right-angled thing for the optical axis of an optical fiber 5 - the direction of a right angle - receiving - 5 degrees - or 
8-degree 15 degrees may inchne desirably. In this case, the return Ught produced in the connection of optical fiber 
alignment components and an optical waveguide substrate can be controlled effectively, and, as a result, a noise can 
be reduced. 

[0024] The 2nd example is explained. The connection structure of the optical fiber ahgnment components 1 and the 
optical waveguide substrate 100 which are applied to drawing 5 at this example is shown. This example is the case 
where a differential thermal expansion becomes comparatively large, by constituting V slot material 2 and the 
plate-like part material 4 of the optical fiber aUgnment components 1 fi-om an epoxy resin which mixed vitrified 
transparent siUca powder, and constituting aU the ingredients of the member of the optical waveguide substrate 100 
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fcom a transparent quartz. That is, the coefficient of thermal expansion of said V slot material 2 and plate Uke part 
n^aterial 4 is 8xl0-67degree C, and the coefficient of thermal expansion of the quartz which constitutes an optical 
waveguide substrate is 2.4xl0-6-/degree C, and is the case which enlarged the differential thermal expansion 
comparatively with 5.6x10 to 6-/degree C. Of course, since the whole surface of each ******** can be irradiated by 
ultraviolet rays also in this case, it is possible to paste up firmly the optical fiber alignment components 1 and the 
optical waveguide substrate 100 for a short time. 

[0025] In an example 1, although silicon was used as a substrate 21 of the optical waveguide substrate 100, 
specifically by this example, quartz glass is used. Thereby, it consists of quartzes with the whole transparent optical 
waveguide substrate 100. Moreover, in the example 1, although quartz glass was used as an ingredient of the 
plate-Hke part material 4 of the optical fiber aUgnment components 1, at this example, the transparent epoxy resin 
which mixed the vitrified aforementioned siUca is used. Thereby, V slot material 2 and the plate'like part material 4 
of the optical fiber alignment components 1 consist of this resin. 

[0026] When the effect of the temperature about connection with the optical fiber aUgnment components 1 and the 
optical waveguide substrate 100 by this example was investigated, optical loss by the difference in thermal expansion 
was able to be made very low with 0.3dB or less to the temperature change of the range of -40-+80 degrees C. 
Although it is quite larger than the case of a 5.6x10 to 6-/degree C and an example 1 in a differential thermal 
expansion (8x10 to 6/degree C of coefficients of thermal expansion of said V slot material 2 and plate-like part 
material 4, and 2.4x10 to 6/degree C of coefficients of thermal expansion of the quartz which constitutes an optical 
waveguide substrate), it being quite small as an absolute value and some differential thermal expansion are because 
the effect was controlled by firm adhesion. 

[0027] Since the optical loss by the difference in thermal expansion wiU be set to 0.5dB or more to the temperature 
change of the range of -40-+80 degrees C if this differential thermal expansion exceeds 1,4x10 to 5-/degree C, as for a 
differential thermal expansion, it is desirable to consider as less than [ 1.4xl0-5/degree C ]. 
[0028] 

[Effect] As explained above, since this invention is fabricated with high precision by the approach of imprinting the 
metal mold which has a V character- like slot for the slot of the shape of V character of V slot material for deciding the 
location of the optical fiber which should be connected with optical waveguide, it becomes possible [ positioning an 
optical fiber correctly ]. Furthermore, since the coefficient of thermal expansion and the refi-active index which mixed 
vitrified transparent silica powder fabricate V slot material fabricated to the above-mentioned high degree of accuracy, 
and plate hke part material using the plastics near a quartz etc. Since ultraviolet rays can be connected in a short 
time all over the adhesives layer which these became transparent and was applied to each ******** of optical fiber 
alignment components and an optical waveguide substrate as it can reach, a minute location gap in the meantime is 
prevented, and connection loss can be made small. Moreover, since the differential thermal expansion with an optical 
waveguide substrate is small, the location gap by thermal expansion is controlled and connection with optical 
waveguide with it can be made over the long period of time in duration of service. [ small and optical loss and ] 
[ stable ] 
[0029] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing showing the configuration of the optical fiber alignment components and component part of 
this invention. 

[Drawing 2] It is drawing showing the metal mold for the plastics for fabricating V slot material among the optical 
fiber alignment components shown in drawing 1 . 

[Drawing 3] Plate-like part material is beforehand fixed in the metal mold shown in drawing 2 , and it is drawing 
showing the metal mold for fabricating the member of one apparatus with which V slot material and plate-like part 
material were united. 

[Drawing 4] It is drawing showing the connection structure of the optical fiber alignment components of an example 1, 
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and an optical waveguide substrate. 

[Prawing 5] It is drawing showing the connection structure of the optical fiber alignment components of an example 2, 

and an optical waveguide substrate. 

[Description of Notations] 

1- Optical fiber aUgnment components 

2' V slot material 

3: V character-like slot 

4^ Plate-like part material 

5* Optical fiber 

6' Shimokane mold 

7' Upper metal mold 

8: Cavity 

9: Gate 

10^ Resin injected hole 

Metal mold of the slot of the shape of 11 and 12 Y characters 
13: V groove receipt slot 

******** of optical fiber alignment components 
20* Optical waveguide core 
21^ Substrate 
22 : Optical waveguide 
23- Back up plate 

24' Ultraviolet curing mold resin layer 
25- Ultraviolet rays 

2g: ******** of an optical waveguide substrate 
100^ Optical waveguide substrate 



[Translation done.] 
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/c©^. «feSiJ^©fte©^.JPS<J^^Si^j:tiiffi#^fBi)T¥ 
1 . 4 6 0 ©X d<+ iym«S i *±gaig^l:bT+^iS^ 
L/, ^i^fflSf^l. 4 58 7©j3lp:Q:7'5;^5^y 

[00 12] JSC*}. :^mmmicmi,^fc-:f^:^=^yi^mj& 

20 W*4W. xsi<+'>*Sfl|{c^5;^<^©'>'J;?;*&5^*igAU 
^^^-x -Vtsi i'©Sfl^^c^ oJMtt7'7 ;^ 5^ 
[0013] vmSPW 1 ©fi£Jf$W> S2(C^7^-r^M^ffl 
V^t'C©?Il 1 ^«t-*T^M6^IE«$-a-. gc?^ 

tt^fl§^8}flgaA?Li o*^'E>B^SE;^)-caA-rSo mf% 
mc^6. 7 >S:^muxymmi2=^m.'otii-ro c© 

j:*)^wxff?><ox. ia?fsa©v3tajw*3csu-rs?{^ 

■rSCi*i-C*, 3fe:7r-f/-C©lSlfflfiC)&S5IJ*SnJ«fe<!:^c 
[0014] «t»Jg|5**4». 55l;?/^X^riFglJ-rSC i 

[ 0 0 1 5 ] ^7 r -r^f^^fjgppi, 1 omiLit. vmmi 

2©BUi2V?:t*J©?t3K. 5t^tC§^5^^i|{bM^«SlJ4 

g|JW4%ffl^»-r■?•©367r-f^^'®±8l53!P6>J^EE. S^T 

M©St*Jgl5W4 ^ffiO/c©T. C©fe*^gB*t4©±g|5*^ 
h$^!f^m=S:miLX. V^t^©St3'^©3fe7T>f^f5© 

[ 0 0 1 6 ] T ^mjimsh I tmm-r^^^mm 

8SSffilOO«> 0 4 ©-g|J«:^K-r,i: ^ (c. iyjai^M 
«2 1©±{C. jftmm^=iT2 0i^tsm2 0 0 nm<0 

7;^*^e.^^ffi^2 3^SSL/c4)©^ffll^-2>o 
[0017] ^IsSIJfi^!)©. 7 -^^^mil^Si 1 »> :^ 

50 {^ifimmxi>?><Dx. m4ic9jk-r^mm^M^i 00 6 



(4) 

5 

msm 2 4 (D±m^m^u 2 5 r bsw pjtg <b ^j: s „ ^ 
o°D 1 t^mm&WR 1 0 0 i:mmx% h. 

[00 18] ^7T^'>'^WlJSI5D°pl©7t:7T^•/^'5i> 

7icai?gss»s 1 0 0 <o%mm& ^rzot (owm). % 

%Vr -^'^^WlJg|lp1l 1 1 5 

©3T©®J)t*1. 4 6 6 2 i7fe*jSS§3T2 0©Jl#f 10 
^1. 4 5 84it3;«|lIGJa*T^l. 4 6 0©*>O*ffl 

i^friKJl O^PBlBSMLTS«B^Lft:, COJS^. 

± 1 0%Ji^rtr-|6:-r5ci3&5M*n^. 

[0019] *:||i!iWcJ;S. r -{^mm^Si, 1 i 

y(M^m^ 1 0 0 i©^,M{cMf ■5?as©SJS?*P0-< 

fciC5. -4 0~+ 8 OT©ffiH©Se[^^k{C*fL'T 

l^ii5S<DjSl,ncJ:67ica^»0. 2dB«Ti@feT{g 20 

[0 0 2 0 ] :^mmm-Cit. mi^mi4 t i^X^S^iJ^y 

[002 1 ] i^cfc. V?tg|5M2 ^mi-t^n. 0 3 (C^ 
JKJ)nX-rsci«:J:D. V8tS»*t2t«t«S|5**4i*s— 

Si(Cj:-pT. V«g|5W2 <i:ffittgm4i*5— *i^Co 

fcsuw*i^ji?sns, fio. ^s?F«5K:An^«t*;siJi5t4 
mx. ±ie-«iS<z)gi3WtcifAL«t^spW4©±giJ30>e. 

[0 0 2 2 ] ±ffi©Vpg|3M2 i«t*;gW*4 
^CofcS|Jt;t«. i^SF«9tCfiRt^g|tW4«:^a)»AL'-H*<h 

lyxmmiLi^-tciiCoom. \/mm^2tmm^A^ 
[0023] :i^mmmxmi>>fc^y r ^j^mm 

n°p 1 (O^i^mm 151*. 3^:7 r 5 ©^flllfcilft^i: 50 



n^W-Q- 1 5 2 5 2 2 
6 

mwi>s^L%m^m£ixmit(mm.ux^-r^W:y)%^^ 
[0 0 2 4] tH2(DmMmi'C'D\,^xm.m-ri>. hsjc. 

1 0 0<b©«i^«liS*^r. ^yy ^^m 

m^sh 1 © vjfgm 2 tmixmm4=^mmrj::fj^ xt^cD 

i^'J:^l9^^igAt/ci^+i^tg}fl|-C^^b. ^fe^i^Sg 

a«K 1 0 0 <Dmi<Dm=kr^xm.B^tj::E^TmiSi-ri> 
^„ BP-^. mn5vmm^2 tmmi4<Dmm?Rmmt 
©ssns3Si^s!(« 2 . 4X10" '/-c-c* D . ^(omm 

SBM€:5. 6x 1 0- '/•Ciit«^A*< L/Zc-Jr-X 

m^fm-ri>cti)ix^i><Dx. yty r -{ ^-^mtiBiSh i 
tytm^^mm i o o ?:^ifijfa-c^{cs«-r-s c 

[0025] *t*e«)JC«. 31)^011 1 {c*5Ur«. 7t:«jS 
8§»«1 0 0(D»*52 1 iLr«~>'J=i>?:fflli/c3&5. 

SfiKl 0 0©^i**S3gHj^j:^f^-Cl«fiE?n-S. tfc. m 

mm 1 -cB. ^yr-i ^-^mti^sh i cDst^apw4 

7>^<*©i/ >; :<7«rigAL/:fc@?aAj:x;i<+'>^fli*m> 

ctxicj:*)^ ^y r -< ^mm^ffai<oymsiii^2 1 
mmmi4^^c (Dmmxmf&$ ns. 

[002 6] :^m&mi<CJ:?>, ^y r ■^'>'^WJSPa°a 1 <b 

1 0 0 t©si^{ciM-r-5a^©i^i&ia'^ 

-4 0~+ 8 0°C©ffiH©a^^{btC^tt-r 
^5S©jiCHCd:2,7K:«^«0 . 3 d BJWTiSat>r{S 

<-r€.ci*i-c#/c. mMvmmt2tmiK@m4(Dm 
Bm^ms X 1 0 - •/•c<k3fcj»iSiss«*«fiS-r-55 

^©^Ji5S^!^2 . 4X10" '/-CiO^BiSSM^ 
5 . 6 X 1 0 ■ '/-C i. ||Ji0!l 1 ©JS^J: »3&5^f 0 

^lil^?g^«5SiH Zi^J&tc J: 0 ^©i^?:«l*iiU/c C i © 

[0 0 2 7 ] ccommmMiti^ i . 4x10- vc^ja 
;i^>i-4o~+8o 'c<Dmm<oum.mticnbxmm 

5R©^t»(cJ:^:)16a^«0. 5 d BWii^c^©!?. ^ 
HJSfi^iJ 1 . 4X10- '/'CWTif iAiM* L/ 

[002 8] 

Wi'^^^^yy -1'>'^'©^4g?r^^^st>S/c^^>©V?igpW©V 

^t^©?t*. v:¥^:*i©^;&wrs^M^iE=9-r-2>^atc 



yi^m^m\.^XmMt^<0-C. cne»*SMBJiJ:c<9. tit 
[0 02 9] 

[01] *^Bj©^:7 7 ^'^^'^?|Jg|J^^.t■e©«fi5cg|5p°o© 
[a 2 ] 0 1 icmr%y r ^^*S3?lJSPa°p© ^ VjJtSU 

[05] mmm2<oity r j-^m^iuffat^mmsmi^ 



C5) #gg¥9 
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2 : VJigRW 

3 : V^m<om 

4 : 

5 : T 

6 : 

7 : 

10 8 : +i'l:rT->r 

9 : y- h 

1 0 : mmx^ 

IK 12: V?:t*J©«©^ 

1 3 : V^JR*ft?i 

2 0 : ^iiiSaiSaT 

2 1 
2 2 : 

2 3 : mmsL 
20 2 4: f^9^imimmmm 

2 5 : Si^^^igS 

2 6 : 36»i^««©5^^«B 
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